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Title Of Invention 



Method And Apparatus For A Hearing Aid Coupling System 



Prior Application 



[0001] This application is continuation in part of U.S. Provisional Patent 
Application 60/195,240 filed April 5, 2000 and entitled Method And Apparatus For 
Hearing Aid Coupling System. 



[0002] This invention generally relates to an improved hearing aid 
compatible telephone and more specifically to an improved coil for use in 
transferring sounds from a telephone to a hearing aid. 



[0003] In U.S. Patent 5,796,821 to Crouch et al, a hearing aid telephone 
interconnection system is described to enable hearing-impaired persons to use 
conventional telephone instruments. The system employs a T-coupler that is 
formed of an elongate coil of some 360 turns of 40-gauge magnet wire. The T- 
coupler has an arcuate shape that corresponds generally to a user's ear and of a 
conventional behind-the-ear hearing aid so that the body portion of the T-coupler 
can inductively couple audio signals into a T-coil of the hearing aid. The T- 
coupler is connected through an adapter box to the telephone cable leading also 
to a hand set. The T-coupler connection is by way of an audio plug, which, when 
inserted, causes an interruption of signals to the handset speaker. 



Field Of The Invention 



Background Of The Invention 
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[0004] A variety of U.S. Patents can be found in which different 
techniques are used to couple a telephone to a hearing aid. One such patent, 
5,086.464, to Groppe, describes a complex head set to couple the telephone 
speaker sound to the ear In U.S. Patent 3,396.245 a device is employed to 
automatically switch signals between a hearing aid and a telephone in two 
modes of operation. 

[0005] Many of the more that 60 million people with hearing disabilities 
in the U.S. alone are presently unable to use standard telephone instruments that 
are in common use by persons having normal hearing ability. It is estimated that 
there is a population of 600 million people with hearing disabilities worldwide with 
an accelerating 15% annual growth rate in the United States alone. 

[0006] Hearing impaired people on the whole do not have access to 
technology for enabling access to, or the capability of using and hearing on a 
telephone. There is a lack anything on the market that can fully address all 
issues that the hearing impaired face when it comes to doing just one task, 
namely of allowing them to just pick up a telephone and hear on it. While there 
are many devices on the market that claim that they allow the hearing impaired to 
do just that, upon closer inspection definite drawbacks manifest themselves in 
prior art devices. 

[0007] For the better part of 40 years, the most often used technique is 
to use a large open-air coil to transmit an audio signal, via electromagnetic 
induction. These coils are commonly large, bulky and cumbersome to use and 
wear. While they have different shapes and forms, they tend to be worn either 
around the neck or as a fixture that hangs on the ear and thus tends to look out 
of place. 
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[0008] A number of TTY products (telecommunication devices for the 
deaf) are available in the market place. These products are typically terminals 
that transmit typed messages over telephone lines to a compatible terminal or to 
relay operators at the receiving end of the line, These TTY terminals are 
disadvantageous in that they do not meet the full accessibility needs of hearing 
impaired persons. According to the Tele-Consumer Hotline, less than one-half 
million people with hearing loss utilize a TTY for telecommunications due to the 
desire for voice telecommunications. It should also be pointed out that this 
technology is over 50 years old. 

[0009] Sound amplification products also exist in the prior art, but they 
clearly do not amplify or transmit to the extent required to truly benefit a hearing 
disabled person. The 18-30 decibels of amplification typically realized from these 
prior art products will not truly benefit a person suffering from even a moderate 
hearing loss, let alone one who is severely to profoundly deaf. 

[0010] Use of standard telephones with a volume control, a dual 
volume control, hearing aid compatible handsets, hearing aid telephone 
interconnect systems, and other products, address access for less than about 
10% worldwide, for those that have a mild to moderate hearing loss. These 
products fail to meet the true needs of the population who need hearing access 
to telephones. 

[0011] Existing hearing aid compatible or interconnect systems tend 
not to provide the power or the signal strength capture capability needed to 
directly couple to the hearing aid to ensure maximum telephone hearing access 
as is needed by millions of hearing aid users today. Either a person with a 
hearing disability cannot hear any sounds upon using one of these devices or 
they can hear something, but are having difficulties understanding the words 
being spoken on the phone. Some who have tried to use these types of devices 



tend to encounter what is known as "dead spots" i.e. when no sound 
transmission occurs, usually because of an inability to maintain capture of the 
signal because they do not hear sufficiently through the device. 

[0012] It has been demonstrated to the Federal Communications 
Commission, including its Department of Engineering, that the performances of 
hearing aid compatible phones, volume controls and dual volume control 
handsets are the same. In effect their performances yield results that are 
equivalent to a slight raise of the sound volume. Such performance is 
inadequate, whether one uses a hearing aid or not. A consequence of these 
devices is that people with more than a mild to moderate hearing loss will not use 
a hearing aid compatible phone because these persons have, on the whole, not 
been able to adequately hear at any level using these products. 

[0013] The upshot of these inadequacies is that a majority of the 
world's hearing impaired population still cannot access voice 
telecommunications. They have been denied access, convenience, and in many 
instances the life saving benefits of both wired and wireless phone usage in 
homes, offices, hotels, airports, restaurants, hospitals, jobs, pay phones, and 
more. The general unavailability of emergency phone access is particularly harsh 
for hearing impaired persons. 

[0014] The scope of this lack of access is particularly evident because 
in the U.S. alone about 120 million public telephones are in use today. All of the 
pay phones that are currently deemed as hearing aid compatible or have volume 
controls only allow those individuals with mild to moderate hearing loss or those 
without hearing impairment access to these phones. Thus excluding a large 
number of persons from access to these phones. 
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[0015] Traditionally it has been normal practice to take the audio signal 
present in the environment and electronically inject it into the hearing aid of a 
person. This serves to circumvent an inherent problem associated with the poor 
reproductions of the acoustic audio signals as these are received by the hearing 
aid. For nearly 30 years, manufacturers have relied upon a device, known as the 
induction coil, to bypass the acoustic reproduction. For whatever reasons, be it 
poor design, or cost reduction, many of these devices fall short of delivering a 
quality audio signal to the hearing aid T-colL Certainly, a convenient and 
simplified use of an effective hearing aid compatible handset has not been made 
available. 

[0016] Various deficiencies are associated with prior art telephone to 
hearing aid type couplers. For example, many prior art products require a user to 
ascertain that switches and controls are set in an exact manner to perform one 
particular aspect of operation. These same controls must then be set up in a 
different fashion to achieve a different function. The result is the user tends to 
become frustrated and confused by the complexity of operating the product. 
Often many of the prior art devices require an assortment of cables and cords to 
be installed in exact manner. The possibility of a user mis-wiring the product is 
high and the user may not be able to figure out how to hook the device up 
properly. 

[0017] When a user needs to wear a piece of headgear as described in 
the U.S. Patent to Groppe the user feels foolish and silly. Many users would tend 
to be too embarrassed to use the device in both public and private settings. 
When a hard plastic coupler is involved, as is often the case, the product is 
uncomfortable and tends to be painful for the user to wear for a long time. 

[0018] Ineffective performance is a particularly onerous deficiency in 
many of the prior art devices for enhancing telephone communication by hearing- 
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impaired persons. These devices tend to under perform because of a variety of 
reasons such as a low sound pressure level, a lack of clarity, and the complexity 
imposed on the user to eliminate so-called "dead spots" in signal transmissions. 

[0019] When a device as described in the aforementioned '821 patent 
is used, an air coil is employed. Such coil tends to waste available energy 
because it radiates the electromagnetic field in too many directions. As a result it 
is less efficient in coupling audio signals inductively to the hearing aid. An air coil 
also tends to have high impedance, typically of the order of about 90 to 120 
ohms, and thus fails to create the desired electromagnetic field strength when 
driven by a typical semiconductor amplifier. This then imposes a greater battery 
load to properly power the air coil. An open air coil also tends to be large, 
typically in the range from 1 " long by about % " wide. 

[0020] Figures 14 and 15 depict the typical magnetic propagation of a 
prior invention as described in the aforementioned US '821 Patent. In this patent 
the magnetic lines of force tend to concentrate along the front, top, bottom and 
rear of the device. Very little magnetic lines offeree 40 are devoted to going to 
the sides of the device 38. 

Summary Of The Invention 

[0021] With a hearing aid compatible device in accordance with the 
invention a typical handset can be used to create a direct communication path 
with the T-coil of the hearing aid. This enables a hearing-impaired person to then 
receive a clear audio signal from the receiver end of the handset and permit the 
person to carry on an effective conversation or listen to the playback of a 
recording. 
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[0022] This is achieved in accordance with one embodiment of the 
invention by placing a small inductor coil in series with the speaker of a handset 
and inside the receiver part of the handset in close proximity to the outer surface 
of the receiver to enhance inductive coupling of audio signals passing through 
the speaker to a hearing aid's T-coil. 

[0023] With a hearing aid compatible device in accordance with the 
invention, the need for special batteries to power the device are avoided and the 
signal power available inside the standard device or the telephone can be used 
to drive the inductive coupling between the hearing aid and the device. No 
external switches, wires or cords are needed and no headgear, as proposed by 
some prior art approaches, is required. 

[0024] With a small coupling coil in accordance with the invention 
located inside the handset housing, an effective communication is enabled with a 
hearing impaired person in a comfortable manner that can dramatically benefit 
millions of people with hearing loss. As a result the telephone can be an available 
mode of communication for the hearing impaired persons. 

[0025] As further described herein for a preferred embodiment, a 
special coil is used inside the handset to enhance inductive coupling with a 
hearing aid adjacent to the receiver part of the phone or other device. The coil is 
provided with a ferro-magnetic core, which enables it to be made small enough to 
fit inside the receiver or phone-housing cavity where the speaker is also located. 

[0026] As further described for one embodiment in accordance with the 
invention the coil can be connected in series with a capacitor and the series 
circuit placed in series with the speaker coil of the handset and thus in series with 
the wires conveying incoming audio signals to the speaker. The series circuit with 



the coil has low impedance, of the order of about 5 ohms, so that the load impact 
on the phone lines from the additional coupling circuit is very small. 

[0027] Hence with a coupler device in accordance with the invention 
the large bulky coils of the prior art can be avoided where a small space only is 
available, superior electrical characteristics are obtained with an independently 
operated device without requiring controls and with excellent frequency response 
and useable in virtually any handset type device. 

[0028] It is, therefore, an object of the invention to provide a handset 
device, which can include a telephone, with which hearing-impaired persons can 
clearly and conveniently communicate. 

[0029] It is a further object of the invention to provide a standard 
telephone housing in which a device can be placed with which a direct inductive 
coupling of audio signals from the speaker part of the phone to the T-coil of a 
hearing aid is obtained to yield superior communication that is useable and clear 
for hearing impaired persons. 

[0030] It is a further object of the invention to provide an improved 
hearing aid compatible phone in which an improved magnetic flux can be 
generated to enable direct communication with a hearing aid through its coil. 

[0031] These and other objects and advantages of the invention can be 
understood from the following detailed description of several embodiments 
described in conjunction with the drawings. 



Brief Description Of The Drawings 



[0032] Figure 1 is a side, partially broken away, view in elevation of a 
standard telephone whose handset has been modified in accordance with the 
invention to enable direct communication with a coil inside a hearing aid worn by 
a person. 

[0033] Figure 2 is a front perspective view of the modified handset of 
Figure 1; 

[0034] Figure 3 is a rear perspective partially broken away view of the 
modified handset of Figure 2; 

[0035] Figure 4A is a perspective view of a coil and capacitor used in the 
coupling device of this invention; 

[0036] Figure 4B is a cross-section view of the potted coil used in the 
invention; 

[0037] Figure 5 is a perspective view of the coil used in the coupler of 
this invention; 

[0038] Figure 6A is a schematic presentation of the circuit components 
used in the coupling device of this invention; 

[0039] Figure 6B is a schematic presentation of circuit components used 
in a coupling device of this invention but without the use of a capacitor; 

[0040] Figure 7 is a perspective view of the magnetic coil winding used 
in the coupling device of the invention; 
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[0041] Figure 8 is a side view in elevation of a coil of this invention and 
its interconnection with the speaker in the receiver portion of a handset; 

[0042] Figure 9A is a top view of another embodiment of the present 
invention; 

[0043] Figure 9B is a top view of a printed circuit board and surrounding 
structures for use in the invention of Figure 9A; 

[0044] Figure 9C is a side view of the embodiment of Figure 9A; 

[0045] Figure 10A is an end on view of typical magnetic flux fields 
around round and rectangular wires; 

[0046] Figure 1 0B is a typical magnetic flux field with several layers of 
rectangular wires layered upon each other; 

[0047] Figure 10C is a side view in cross-section illustrating the 
magnetic field around the magnetic core of a coil used in accordance with the 
invention; 

[0048] Figure 1 1 is a plan view illustrating a typical method of winding 
the magnetic core of the coil of Figure 10C; 

[0049] Figure 12 is a partial side section view of a telephone handset 
installation of a hearing coupler in accordance with the invention; 

[0050] Figure 13 is a schematic of the circuit used in the hearing aid 
coupler of this invention; and 



[0051] Figures 14 and 1 5 are respectively side and rear views of a prior 
art hearing aid coupler as shown in U.S. Patent 5,796,821 . 



Detailed Description Of The Drawings 

[0052] With reference to Figures 1-8 a conventional telephone handset 
200 is shown wherein the receiver section 202 has been modified in accordance 
with the invention to provide a hearing aid coupler 204 that enables a direct 
inductive coupling of audio signals from the telephone lines 206 into the T-coil 
207 of the hearing aid 208. The hearing aid coupler 204 is formed of a coil 232 
and a capacitor 234 that are connected in series with the coil 236 of the speaker 
238 in the telephone handset 200. The circuit of the coupler 204 is as illustrated 
in Figure 6A. 

[0053] The telephone handset 200 can be a standard telephone as is 
illustrated or a cell phone or other types of phones, or a hands-free headset or 
earphone, or a multi-media headset. The handset can be used for a multiple of 
purposes such as a enable an impaired hearing person to listen to a CD player or 
an audio output from a computer or other device. Accordingly, the term handset 
includes anyone of these well-known devices that can be modified with a circuit 
in accordance with the invention or made originally to include a circuit in 
accordance with the invention. 

[0054] The capacitor 234 is of the miniature type so that it is very small 
and can fit inside the central hole 240 of the toiroidal coil 232. The coil 232 and 
capacitor 234 are potted with a potting compound 242 to form a cylindrical 
structure that is placed inside a receptacle 244 adjacent the front surface 246 of 
the front wall 247 of the receiver section 222 to provide more efficient inductive 
coupling with the coil 227 of the hearing aid 228. Alternatively the receptacle can 
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be dispensed with and the coupler 224 glued into place inside the receiver 
section 222 and adjacent the front surface 246. 

[0055] The capacitor 234 is provided to avoid additional DC current load 
on the circuitry driving the speaker 238 and provide a ButtenA/orth filter effect that 
avoids coupling of low audio frequencies below about 300-350 Hz. The capacitor 
234, however, is not always needed and can be dispensed with, as shown in the 
circuit of Figure 6B, when sufficient electrical driving power is available. 

[0056] In one example for a coupler 224 in accordance with the 
invention, the coil 232 has an inductance of about 4.8 milli-henries, the capacitor 
is about 2.3 microfarads so as to yield a bandpass filter that cuts of frequencies 
below about 300 Hz and above about 10K Hz. The coil can be made of 220 turns 
of 38 gauge rectangular wire yielding a resistance of about 5 ohms. 

[0057] Figures 3 and 8 illustrate the electrical connections from the 
standard telephone circuit board 250 out put leads 226 to the speaker coil 236 
and the coupler coil 224. The impedance of the speaker coil 236 is typically in the 
range of 12 to 30 ohms so that the addition of about a 5 ohm coupler circuit 224 
does not impose a significant additional load. 

[0058] With reference to Figures 9 through 13 an alternate embodiment 
is illustrated. In Figure 9A a carrier disc 12 and its associated parts, a flange 20 
of front wall 247 of the receiver section of the handset, spokes 14, mounting 
studs 18, a core cup 10 and a channel 16 are created from injection molded 
nylon in a uniform one piece unit. The carrier disc 12 has three spokes 14 added 
to give the structure lateral rigidity. A channel 16 is added to serve as a means to 
contain the magnetic core 8, wire leads 32 and the printed circuit board 22. The 
channel 16 and the spokes 14 are arranged in a 90-degree quadrant to allow the 
sound from the telephone handset speaker to pass freely through the present 
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invention. The magnetic core 8 and the printed circuit board 22 are secured to 
the carrier disc 12 by means of mounting studs 18. 

[0059] Figure 9B details the printed circuit board 22 and the surrounding 
structures. The printed circuit board 22 is held in place by the mounting studs 18. 
It contains printed circuit traces 30, and a 1 micro-farad surface mount 
electrolytic capacitor 28. The wire leads 32 from the magnetic core 8 are 
soldered to the printed circuit traces 40. The service leads 24 that will attach to 
the telephone handset speaker terminals 46 are soldered to the printed circuit 
traces 30. The other end of the service leads 24 are now wrapped around the 
strain reliefs 26, and finally exit the carrier disc 12 via exit holes 34. 

[0060] Figure 9C illustrates a side view of the carrier disc 12 with the 
mounting flange 20. The mounting flange 20 allows a means of installing the 
present invention into a telephone handset 44. 

[0061] Figure 1 0A details the magnetic lines of force that surround both 
round and rectangular wire. As can be seen, round wire tends to propagate the 
magnetic field 36 uniformly, around its 360 degree radius. However, in the case 
of using a wire with a rectangular cross section, the magnetic field will tend to 
generate the lines of flux along the widest span of the wire. The field's maximum 
will generally be at 90 degrees and 180 degrees relative to the longest length of 
the wire, and will continue along its entire length. 

[0062] Figure 10B details what is achieved when rectangular coil wire 32 
is wound layer by layer upon itself. The magnetic lines offeree will now 
concentrate in a vertical polarity as additional layers are added. Thus, the 
maximum electromagnetic force will be concentrated along the top and bottom of 
the coil windings as it is wound around the magnetic core 8. 
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[0063] Figure 1 0C shows the effect of using the rectangular coil wire 32 
when it is wound around the magnetic core 8. Due to the elliptical cross section 
of the magnetic core 8, the magnetic lines offeree 36 will build upon themselves 
and radiate in an elliptical fashion, going 90 and 180 degrees to the longitudinal 
plane of the magnetic core 8. Thus, the magnetic lines offeree 36 are now able 
to be directed at the users hearing aid when the magnetic core is used in a 
vertical fashion, and with very little magnetic propagation being wasted by 
projecting this energy to the front, top, and rear as in prior invention as shown at 
40 in Figures 14 and 15. 

[0064] Figure 1 1 shows the method of winding the magnetic core 8 with 
rectangular coil wire 32. The magnetic core 8 is wrapped with 40-gauge, an 
exemplary value, rectangular coil wire 32. The winding is in a circular 
counterclockwise fashion, for a total of approximately 200 windings, leaving 4 
inches of wire extending from the magnetic core 8 for soldering to the printed 
circuit board 22. It should be understood that round or other types of wires also 
work and that the number of turns can vary. 

[0065] Figure 12 depicts a typical installation into a telephone handset 
44. The completed carrier disc 12 is installed by laying the carrier disc 12 directly 
on top of the telephone handset speaker 42. The service leads 24 are now 
soldered or terminated in another fashion to the telephone handset speaker 
terminals 46. 

[0066] Figure 13 is similar to Figure 6A and represents one electrical 
schematic of the invention. Capacitor 28 is a 1 microfarad 50 volt surface mount 
tantalum capacitor and is connected in series with the winding around magnetic 
core 8. The terminals are connected to the handset speaker as described above. 
The value of the capacitor may vary and as shown in connection with the 
embodiment of Figures 1-8 can be of the order of 2.2 microfarads or higher 
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depending upon what value yield optimum coupling and effectiveness in 
transferring audio to the haring aid's T-coil. 

[0067] After the assembly of the present invention, the entire product is 
coated or encapsulated in an epoxy material to provide both shock, moisture and 
tamper proof protection. 

[0068] With a coupler device in accordance with the invention an 
effective coupling between a handset and the coil of a hearing aid is obtained. 
The effectiveness of the coupling is enhanced with a specially shaped magnetic 
toiroidal coil that employs a core of ferrite material that is composed of high purity 
oxides of manganese, zinc and iron. This material adds to the magnetic flux 
created by the coil windings. It is also formed into an elliptical shape that assists 
in concentrating the magnetic liens of flux towards the user's T-coil equipped 
hearing aid. The coil is then attached to a plastic carrier disc for installation into a 
telephone handset. By including a series capacitor a further coupling 
enhancement is obtained. 

[0069] With a core of the described type an aiming of the omni- 
directional magnetic field can to some extent be achieved to enhance coupling to 
the T-coil of the hearing aid. As a result the hearing aid is less likely to drop a 
signal input from the telephone coil and dead spots in a communication are 
reduced. 

[0070] The use of capacitor 28 brings current and voltage of the input 
audio signal back into phase with each other. This and the blockage of DC 
current assist in reducing power demands. The magnetic flux surrounding the 
core tends to store energy and thus is believed to contribute to performance of 
the coupling circuit. The relatively low electrical resistance of the coil winding, 
typically in the range from about 5 to 9 ohms, enables the device to be powered 
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by the electrical telephone circuit. The small size of the coupler device, typically 
about a % of an inch in diameter, and with a thickness of about 1/8*^ to about a % 
of an inch for the bare coil, facilitates its incorporation within the receiver section 
of a handset. 

[0071] When a handset with a coupler device in accordance with the 
invention is in operation, the electromagnetic signal from the coupler device is 
easily picked up by the T-coil of the hearing aid for final amplification and 
acoustic delivery to the hearing impaired user. 

[0072] Although the preferred form of the invention uses a ferromagnetic 
core, it is to be understood that an open air coil, when placed adjacent the front 
wall of the receiver section of a handset, may be able to provide audio 
communication with a hearing impaired person. 

[0073] Although the present invention has been described in 
considerable detail with reference to certain preferred version thereof, other 
version are possible. For example, present wafer designs enable and thus 
benefit from the coupling of the coil. The present invention can be easily 
implemented with many wired as well as wire-less communication devices such 
as desk, residential, office-key systems, pay phones, cordless phones, pps 
systems, emergency phones, radio/alarm and cd/cassette systems, ear phones 
systems, headset systems, telemarketing phone systems, interactive 
communication systems, fun design phones, sound ear-jack systems, recording- 
television studio headsets, CB radios, tour headset systems and airplane, bus, 
and rail headsets. 

[0074] Therefore, the spirit and scope of the appended claims should not 
be limited to the description of the preferred embodiments. Unless expressly 
stated otherwise, all features disclosed in this specification, including any 
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accompanying claims, abstract and drawings, may be replaced by alternate 
features serving the same, equivalent or similar purpose. Thus, each feature 
one example of a generic series of equivalent or similar features. 



What is claimed is: 



